Selection procedures which weight equally each test day sample may not be optimum for selection on test days.
Introduction
The purpose was to test the feasibility of changing from a monthly testing scheme for fat percentage to a less time-consuming and less costly program perhaps involving only bior trimonthly testings or even one test per lactation. Relationships of lactation milk yield to monthly milk weights were also studied.
Data
Test-day data from the Dairy Records Processing Laboratory were from 2,022 herds in Received for publication August 17, 1970.
New York State, 1959 to 1967. The data consisted of up to 10 monthly test day milk weights along with their corresponding fat percentages for each lactation. These records by artificially sired Holstein cows were assigned by age at freshening to parities 1, 2, 3, 4, and 25. Each record was in a herd-year-season of freshening. Seasons were: December to March, April to July, and August to November. Records with less than six monthly test days were omitted. Numbers of sires, lactation records, and herdyear-seasons for each lactation are in Table 1 .
Analysis
The model describing the individual observations was : Yiik = /L -~-S i --~ hj + (sXh)i j -~ eij k where Yijk is the amount of milk or the fat percentage for an individual test day sample from a daughter of the i th sire in the j t~ herd-yearseason.
t~ is a constant, s i is the effect due to the i t~ sire, hj is the effect due to the jt~ herd-year-season, (s Xh) ij is the associated interaction effect between the jt~ herd-year-season and the i t~ sire, and eijk is the random error associated with the record of the k t~ cow by the i t~ sire in the jt~ herd-year-season.
The si, hi, (sXh)i j and eli k are independently distributed with zero means and variances a2s, O'2h, O'2s×h and O'2e .
Variance components were estimated by equating the usual quadratics to their expected values with no correlations among the sire and herdyear-season effects [Method 1 of Henderson (4)]. Intraherd heritability was estimated by four times the intrasire correlation for each of the ten monthly milk weights and fat percentages for each lactation. Individual monthly values were not as large as heritabilities overall for a given lactation. Estimates for the first two months in every lactation were consistently lower than any other months within the same lactation. tteritability estimates for fat percentage were affected by stage of lactation; lower heritabilities were associated with early months when milk production is highest (13) and were larger during the middle and later months when production decreases which agrees with trends reported by Van Vleek and Henderson (11) and Spike and Freeman (9) . Table 2 shows heritabilities for milk production. Some trends readily apparent include a slight increase in heritability of milk overall as lactation number increases. Overall and test-day heritabilities for milk were also considerably less than corresponding values for fat percentage. Heritabilities for early months were low (within lactations) and increased as lactation progressed. But there was not a noticeable peak as for fat percentage. The consistency of the overall heritability estimates across lactations suggests that heritability for milk remains nearly unchanged as cows increase in age and that stage of lactation seems not to affect the estimates.
Results and Discussion
Estimates of heritability from sire components of variance are lower than estimates other workers have found from regression of daughter on dam due in part, perhaps, to the differing populations. The population in this study consisted only of daughters of AI sires which may not be as variable as all possible sires or all possible cows. These heritability values, however, are appropriate for estimating genetic progress possible by selection among this population of AI sires.
Covariance components were estimated by the same model as for test day heritabilities. Table 3 shows genetic correlations for first lactation. Genetic correlations between monthly test days and total yield of milk or average fat percentage were high--ranging in the first lactation from .76 to .99. Production of early and late months was less highly correlated than the middle months with total production or average (5) and Madden, McGilliard, and Ralston (8) . The pattern of correlations was the same for succeeding lactations.
One measure of the possible increase in total yield from part records can be expressed quantitatively by the correlated response in total production by selection on an individual monthly test day. The usual formula for relative correlated response in Trait 2 from selection for Trait 1 is the genetic correlation between traits one and two times the square root o£ the ratio of the heritabilities of traits one and two with equal selection intensity and selection on only one record per cow. The diagonals in Table 3 represent the relative progress in total production possible by selection on single test day records which are lower than those reported by Lamb and McGilliard (6) .
Selection procedures on 305-day milk yields assign equal weights to the individual test days sampled, regardless o£ the correlations of individual test day yields with total yield. This form of selection with equal weights may not be the optimum procedure for selection on test days. An alternative procedure would be to maxinfize genetic gain by selecting on certain test day milk weights. One way to evaluate such a procedure in relation to present methods of evaluation would be by means of the ratio o£ the response in 305-day yield when selection is on an index of individual ,)'OURNAL OF DAIRY SCIENCE VOL. 54. NO. 2 test days and the response when selection is on 305-day milk weights with equal selection intensities.
The formula for relative selection response is :
~1~ is the covariance between the 305-day trait and the index value for selecting for 305-day traits by indexing individual test days.
• ~2 is the standard deviation of the index values for indexing 305-day traits by indexing individual test days.
a~l is the standard deviation of the index values for selecting directly on 305-day traits.
D is the selection intensity. Table 4 shows the relative response for selecting on individual cumulative test day data for milk and fat percentage. After six monthly records additional monthly tests do not seem to warrant the effort and money for collecting milk samples [Van Vleck and Henderson (12) and Madden, Lush, and McGiIliard (7)]. Appropriate weighting of the first six monthly test days gives .97 relative response for milk whereas ten monthly tests only give an increase of .04 above the six test days. This trend is the same for second and third lactations. The relative response for fat percentage for six monthly test days is .96 whereas for ten monthly tests it is only 1.02, an increase of .06 (6) .
Everett, MeDaniel, and Carter (2) discussed the accuracy, advantages, and disadvantages of bimonthly, trimonthly, and quadramonthly testing. Some advantages of these methods over the present monthly testing schemes are a decrease in the amount of work of a tester and a possible increase in the number of herds on test as well as a substantial decrease in the cost of testing to the farmer. Table 4 also shows relative responses from Trimonthly testing is also nearly as efficient as selecting on the total lactation, the average estimated relative response for selecting on trimonthly tests for the first lactation is .99 for milk and .95 for fat percentage--again there seems to be little if any difference between trimonthly and monthly testing.
Quadramonthly testing is also nearly as efficient as selecting on trimonthly or bimonthly records--the average relative responses for quadramonthly testing are .98 for milk and .92 for fat percentage for the first lactation.
